Six healthy male volunteers received 1 g of azthreonam each as an intravenous injection. Serial blood and cantharides-induced blister fluid samples were taken over the next 8 h. Urine samples were collected over 24 h. The concentration of azthreonam in serum was about 50 ,ug/ml at 0.5 h after injection and fell to 2 to 3 p,g/ml at 8 h; the serum half-life was 1.93 h, and the volume of distribution was equivalent to 12% of the mean body weight. The plasma clearance was 89.0 ml/min, 73.7% of the dose being recovered in the urine within 24 h. Azthreonam rapidly penetrated blister fluid, reaching a maximum of 25.4 p,g/ml at 1.8 h after administration. Azthreonam (SQ 26,776) is a new synthetic antimicrobial agent belonging to the monobactam group of beta-lactams (5). The activity of this compound is confined to aerobic gramnegative bacteria, against which it possesses considerable potency and stability to P-lactamases (4, 6). Preliminary studies (3) have shown that this agent is well tolerated after parenteral administration, that its serum half-life is somewhat longer than those of other P-lactams (1.66 h), and that it is eliminated predominantly through the kidneys. This report is concerned with the pharmacokinetics of azthreonam in healthy volunteers and with its tissue penetration as measured by a skin blister model.
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MATERIALS AND METHODS
The subjects were six male volunteers between the ages of 24 and 40 years. They had normal body builds with a mean weight of 76.8 kg (standard deviation, 3.7 kg) and a mean height of 1.78 m (standard deviation, 0.04 m). At the time of the study, no subject was receiving any medication. Written informed consent was obtained. After a medical history and physical examination, the volunteers were considered healthy; in particular, there was no history of atopy, known previous allergy to 13-lactam compounds, diabetes mellitus, or hepatic, renal, or gastrointestinal disease. Hepatic and renal functions were normal as assessed by hepatic enzyme activity, prothrombin time, and serum concentrations of bilirubin, urea, and creatinine. Full hematological profiles were also normal.
On the evening before the study, two 0.2% cantharides plasters (1 by 1 cm) were taped to the front of the forearm of each volunteer. On the morning of the study, each volunteer ate a light breakfast of cereal or toast and one cup of tea or coffee. Blood samples were taken for repeat laboratory tests and for the predose base-line assay, and the volunteers emptied their urinary bladders. An intravenous cannula was inserted into a forearm vein and was kept patent by a small flushing dose of heparinized saline (100 U/ml). A 1-g dose of azthreonam (E. R. Squibb & Sons, Princeton, N.J.; batch MNB 864H/RA29) dissolved in 10 ml of sterile water was injected intravenously into the contralateral arm (the arm with the blisters) over 2 min.
Blood samples were taken from the cannula (after discarding the first 2 ml) at 15, 30, 45, 60, and 90 min and at 2, 3, 4, 5, 6, 7, and 8 h after the dose of azthreonam. Urine samples were collected at 0 to 2, 2 to 4, 4 to 8, 8 to 12, and 12 to 24 h after the dose. The volumes were measured, and the samples were taken for assay. The two cantharides-induced blisters were sampled alternately at 30 min and at 1, 2, 3, 4, 5, 6, 7, and 8 h. The fluid removed from the blisters was placed on three preweighed sterile 6-mm assay disks and was reweighed to measure the amount of fluid on each disk.
All assays were performed within 2 h of sample collection. The assays for azthreonam were performed by a routine agar plate diffusion technique with Escherichia coli SC12655 (Squibb) as the indicator organism and Penassay no. 1 (Oxoid Ltd., Basingstoke, United Kingdom) as the antibiotic medium. Serum standards were prepared in horse serum, which has been shown to be equivalent in this assay to human serum. Urine standards were prepared in phosphate-buffered saline (pH 7.0) in which the urine samples were diluted when necessary. Blister fluid sample standards made in 70% horse serum, so as to simulate the protein content of the blister fluid (7), were applied in triplicate on identical disks in the same volume as that calculated by weighing on the test disks. The 95% confidence limits of the microbiological serum assay were better than ±18.2%. The urine samples and selected blood samples (those taken at 0.5, 1, 2, 4, and 8 h) were also assayed by high-pressure liquid chromatography (HPLC). In the HPLC assay, a ,u Bondapak C18 column in a Z-module radial compression system (Waters Associates, Milford, Mass.) was used, the solvents being 12.5% methanol and 1% acetic acid at a flow rate of 2.5 ml/min. Detection was at 254 nM. The retention time of azthreonam was 9 min. The correlation coefficient between HPLC and the bioassay was 0.98, slope 0.9, intercept 0.14. An examination of the HPLC tracings for possible serum and urinary metabolites was made. The pharmacokinetic analysis of the individual data was performed by standard graphic methods (1, 2) . 
IRESULTS
The levels of azthreonam in serum and blister fluid at various times are shown in Table 1 . The blister fluid data are derived from five volunteers because of poor blister formation in one subject. The pharmacokinetic data are shown in Table 2 .
The serum level of azthreonam showed a rapid initial distribution phase (which was essentially complete by 1 h) followed by a gradual steady decline, suggesting that the data fit a twocompartment open model.
The mean serum level of azthreonam 30 min after the dose was approximately 50 ,ug/ml; it fell to 2 to 3 p.g/ml after 8 h. The terminal serum halflife was 1.93 h. The drug rapidly penetrated the blister fluid, and at 1 h the level in the fluid was about one-half that in serum. The maximum level in blister fluid was attained between 1 and 2 h. After 4 h, the rate of elimination from blister fluid (terminal half-life, 2.14 h) was very similar to the terminal serum half-life. By 8 h, the level in blister fluid had declined to about 5 ,ug/ml.
Azthreonam initially distributed itself to approximately 12% of the mean body weight. A total of 73.7% of the administered drug was found in the urine by 24 h; the renal clearance of azthreonam was 65.9 ml/min. No (7) such as a first-degree burn. Azthreonam is very active against the majority of Enterobacteriaceae, the minimum inhibitory concentration of 90%o of such strains being c0.5 pLg/ml. From extrapolation of the data obtained in this study, the levels in serum and blister fluid will exceed 0.5 Fg/ml for about 12 h after a 1-g dose, suggesting that dosing twice daily should be clinically effective. Since azthreonam is less active against Pseudomonas aeruginosa (90%o minimum inhibitory concentration, 8 ,ug/ml, with levels in serum and blister fluid falling below 8 Fg/ml between 5 and 7 h), either a higher dose or more frequent administration of 1 g is indicated.
Our study shows that azthreonam possesses useful pharmacokinetic properties and deserves further clinical evaluation.
